The hydro-distilled essential oil from the leaves of Juniperus thurifera L. (JTEO) was analyzed by GC-MS and examined for its insecticidal, antifungal and antioxidant activities. A total of 51 compounds were identified. The major components were sabinene (22.4%), followed by terpinen-4-ol (11.0%) and α-pinene (5.9%). JTEO exhibited interesting insecticidal activity against adults of Acanthoscelides obtectus, Tribolium castaneum and Sitophilus oryzae, with LC 50 values of 0.1, 0.6 and 2.0×10 -2 µL/mL, respectively. Moreover, JTEO showed inhibitory activity against Alternaria alternata, Fusarium oxysporum, Fusarium solani, Rhizoctonia solani and Verticillium dahlia with mycelial growth inhibition ranging from 24.0% to 92.1%. Finally, JTEO demonstrated a moderate antioxidant effect.
Juniperus thurifera (L.), also known as incense Juniper or Spanish Juniper belongs to the family of Cupressaceae [1] . The plant is a dioecious evergreen conifer with scale leaves and bluish black berries at maturity. Endemic to the western Mediterranean basin, J. thurifera presents a valuable resource due to its ecological, socioeconomic, floristic and medicinal interests in all parts of its range [2] [3] . In Morocco, J. thurifera, popularly known as "Ar-ar fawah", commonly found in the High Atlas Mountains, is frequently used in traditional medicine for its multiple therapeutic effects. A recent study undertaken in our laboratory demonstrated that J. thurifera aqueous extract had antioxidant effects mainly due to the presence of a significant amount of phenolic compounds, such as flavonoids, phenolic acids, tannins and phenolic diterpenes [4] [5] . Based on this knowledge, and besides their well-known patrimonial, environmental and socio-economic values, the objectives of this study were to characterize the chemical composition and to evaluate the antioxidant, antifungal and insecticidal properties of J. thurifera essential oil (JTEO).
In summary, 51 compounds were identified in the JTEO (89.4% of total EO) based on GC-MS analysis ( Figure S1 ). The chemical composition of the JTEO and percentages of components are presented in Table S1 . The EO mainly consisted of monoterpene hydrocarbons (56.9%) and oxygenated monoterpenes (25.8%). A small amount of sesquiterpenes (3.7%) and oxygenated sesquiterpenes (3.0%) accounted for the remaining part of the EO. The major component was found to be sabinene (22.4%), followed by terpinen-4-ol (11.0%) and α-pinene (5.9%). The EO composition of J. thurifera leaves was previously reported [6] [7] [8] [9] [10] . Our finding are in accordance with those reported by Bahri et al. [7] who worked on the J. thurifera collected from the same area (Oukaimden, 2700m of High Atlas Mountain of Morocco), however different proportions were registered. Some quantitative differences were noted with those from the Plateau of Matat (2200m of High Atlas Mountain) and the Islane forest (2000m of High Atlas Mountain), in which the sabinene (8.0-37.1%) and δ-cadinene (0.8-12.7%) contents were at high levels, while terpinen-4-ol (1.3-6.9%) and α-pinene (1.2-4.9%) were reported in smaller quantities [8] . Moreover, it was noticed that our results are quite different from those reported in the middle Atlas of Morocco, which contained β-pinene (36.2%) and high amounts of terpinen-4-ol (12.8%), α-pinene oxide (10.9%) and piperitone (10.0%), but no sabinene [9] . Additionally, the main components of 14 samples of Corsican J. thurifera leaves were limonene (45.8-58.6) and a-pinene (3.4-11.0) [10] .
The insecticidal activity of the JTEO against A. obtectus, T. castaneum, and S. oryzae was evaluated using the contact assays. The lethal concentrations (LC 50 and LC 90 values) obtained in those assays are given in Table 1 . The results demonstrated that the EO of J. thurifera possesses high contact toxicity against A. obtectus (LD 50 = 0.1 µL/mL, LC 90 = 0.2 µL/mL), T. castaneum (LD 50 = 0.6 µL/mL, LC 90 = 1.1 µL/mL) and S. oryzae (LD 50 = 2.0×10 -2 µL/mL, LC 90 = 4.0×10 -2 µL/mL). The present results confirm previous findings, which highlighted the strong insecticidal and repellent activities of EOs from Juniperus species against various insect species [11] [12] . Generally, the insecticidal potency of plant EOs is attributed to their chemical composition [13] . Thus, the interesting insecticidal efficiency found in the wild Moroccan JTEO against A. obtectus, T. castaneum, and S. oryzae may be in part due to the high concentration of sabinene, terpinen-4-ol and α-pinene, well known for their strong insecticidal and repellent activities [14] [15] . (8) 2018 Jemli et al. 
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S. oryzae
The JTEO shows strong antifungal activity, as estimated by the importance of mycelium growth inhibition ( Figure S2 ). J. thurifera exhibited interesting ferric reductive capacity (Table  S2 ) with IC 50 = 0.1 × 10 3 ± 0.0µg/mL, although it was less potent than the references namely quercetin (IC 50 = 2.1 ± 0.0 µg/mL) and butylated hydroxytoluene (BHT) (IC 50 = 7.0 ± 0.0 µg/mL). In the DPPH test, J. thurifera EO present IC 50 with 20.9 × 10 3 ± 0.4 µg/mL, which is lower compared to the flavonol quercetin (IC 50 = 1.3 ± 0.0 µg/mL) and synthetic BHT (IC 50 = 4.2 ± 0.0 µg/mL). Similarly, in the ABTS assay the IC 50 of the EO was 10.8 × 10 3 ± 0.4 µg /mL, while trolox showed higher activity (IC 50 = 1.9 ± 0.0 µg /mL).
In conclusion, the results obtained by GC-MS analysis support the notion that higher antifungal and insecticidal potential of Moroccan Juniperus EO may be linked to the presence of sabinene, terpinen-4-ol and α-pinene. Thus, further experimental research is needed to assess the industrial incorporation of JTEO as natural antioxidant, ecofriendly fungicide and botanical insecticide of stored foodstuff pests.
Experimental
Plant materials: A set of 100 branches of J. thurifera were collected from 10 adult trees in February 2014, from its wild habitat in Oukaimeden region in the high atlas Montains of Morocco (N 31°14'/W 07°41'). The identification was done by Pr. M. Fennane and a voucher specimen was deposited at the herbarium of Scientific Institute of Rabat, Morocco and referred as 79594. The leaves were separated, dried in the shade at room temperature (24-25°C) and used for the extraction of the EO and analysis.
EO extraction:
The dried leaves were subjected to hydrodistillation using a Clevenger-type apparatus during 4h until total recovery of the EO. The extraction was performed three times (3 x 200 g) and the EO obtained was weighed and stored in dark glass vials at 2-3° C prior to the analysis and bioactivity experiments.
Gas chromatography/mass spectrometry (GC-MS):
The chemical analysis of EO was performed using a gas chromatograph (TRACE GC Ultra) fitted to a mass spectrometer (Polaris Q-Ion Trap MS). Fragmentation was performed by electron impact at 70 ev. The column used was a VB-5 (methylpolysiloxane 5% phenyl) (30 m x 0.25 mm, film thickness 0.25 mm). The injection mode was split (1:50). The carrier gas was helium at a flow rate of 1.4 mL/min and the temperature program ramp from 40 to 300 °C with gradient of 4 °C/min (holding the initial and final temperature for 4 min). The identification of the individual components was based on comparison of their mass spectra and retention indices (RI) with spectra of authentic reference compounds stored in the NIST 98 th edition library
Insecticidal activity
Insect cultures: Acanthoscelides obtectus, Tribolium castaneum, and Sitophilus oryzae were collected from several damaged seeds and identified by Pr. M. Fadli (Laboratory of Biodiversity and Animal Resources, Faculty of Sciences, University Ibn Tofail, Kenitra, Morocco). Acanthoscelides obtectus, T. castaneum, and S. oryzae were reared respectively on whole bean, oat and wheat grains at the Biotechnology and Plant Physiology Laboratory, Faculty of Sciences Semlalia, Cadi Ayyad University Marrakesh, Morocco. The growth was achieved without exposure to any insecticidal agent. The colonies were maintained at 25 ± 2 °C, 75 ± 5% RH and 16:8 hour light: dark photoperiod. Adult beetles were used for bioassays.
Contact toxicity bioassay:
The insecticidal activity of J. thurifera EO against some important stored product pests, including adults of A. obtectus, T. castaneum, and S. oryzae that infests legumes and cereal products was determined by the contact toxicity using filter paper discs (9 cm of diameter). The EO was dissolved in acetone to prepare testing solutions with different concentrations ranged from 7.0× 10 -3 to 7.5 × 10 -3 µL/mL. EO solution (1 mL) was uniformly dispensed on the surface of the paper, placed in glass Petri dishes (9 cm of diameter). Then, the Petri dishes were air dried for 10 min to evaporate the solvent completely. Controls were prepared with acetone. For each test insect species, 10 adults were placed at the center of the disk, covered with a lid and then stored in darkness at 25 ± 2 •C and 75 ± 5% RH. Six replicates were performed for each tested concentration. Mortality was determined after 24 h of the treatment. Insects were considered dead when no leg or antennal movements were observed. Then the lethal concentrations LC 50 and LC 90 (doses that kill 50% and 90% of the exposed insects) of the EO against A. obtectus, T. castaneum and S. oryzae were calculated.
Antifungal activity
Fungal species: Alternaria alternata, Fusarium oxysporum, Fusarium solani, Rhizoctonia solani and Verticillium dahlia were used in the present study. These species belong to the mycothec of the Botanic and Plant Protection Laboratory, Faculty of Sciences, Antifungal and insecticidal properties of Juniperus thurifera Natural Product Communications Vol. 13 (8) 
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University Ibn Tofail, Kenitra. The antifungal effect of J. thurifera EO was determined in vitro according to the method reported by Ameziane et al. [16] with slight modifications. The culture medium Potato-Dextrose-Agar (PDA) was amended with 5.0×10 -2 % Tween 80 to enhance oil solubility [17] . Several concentrations (0.2, 0.6, 1.0, 1.4, 1.8, 2.2 mg/mL) of EO were tested. For each concentration: a fragment of the mycelium (5 mm in diameter) from young colonies (7 days old) growing on potato dextrose agar (PDA) were transferred to the PDA amended with oil and tween. PDA plates amended with Tween 80 (5.0×10 -2 %) without EO were used as negative controls. Cultures were incubated at 25 °C in the dark for 7 days. Ten replicates were used for each treatment. The percentage of growth inhibition was calculated using the following formula: Statistical analysis: All data were subjected to statistical analysis of variance (one-way ANOVA) using Graph pad prism 6.0. Data were expressed as the mean values ± standard deviation (SD) for each measurement. The analysis of variance was performed to determine significant differences.
Supplementary material: Includes experimental section, Tables S1-S2 and Figures S1-S2. 
